Abstract. The June 15, 1896 Sanriku earthquake generated devastating tsunamis with the maximum run-up of 25 m and caused the worst tsunami disaster in the history of Japan, despite its moderate surface wave magnitude (Ms=7.2) and weak seismic intensity. This is a typical tsunami earthquake, which generates anomalously larger tsunamis than expected from its seismic waves. Previously proposed mechanisms of tsunami earthquakes include submarine slumping and slow rupture in the accretionary wedge or in the subducted sediments. In this paper, we estimate the fault parameters of the 1896 tsunami earthquake by numerically computing the tsunami and comparing the waveforms with those recorded at three tide gauge stations in Japan. The result indicates that the tsunami source is very close to the Japan trench and the fault strike is parallel to the trench axis. The fault width is about 50 km, suggesting that the tsunami earthquake is a slow rupture in the subducted sediments beneath the accretionary wedge. 
Introduction
On June 15, 1896, a very unusual earthquake occurred off the coast of Sanriku, Japan; the ground shaking was relatively weak, but the following tsunami was devastating. A modern estimate [Utsu, 1979] of the origin time and epicenter is 10 h 32 m (GMT) and 39.5øN, 144øE, respectively. Abe [1994] recently assigned the surface wave magnitude as Ms=7.2. The tsunami magnitude M t was determined as 8.6 from global data [Abe, 1979] and 8.2 from local data [Abe, 1981] . The large discrepancy between M t and M s (Fig. 1) categorizes this event as a typical tsunami earthquake [Kanarnori, 1972] , which generates abnormally larger tsunamis than expected from its seismic waves.
The unusual nature of this earthquake is more evident when it is compared with the recent 1994 Dec. 28 Sanriku earthquake which generated a small tsunami as expected from seismic waves [e.g., Tanioka et al., 1996a] (Fig. 2) . The epicenters of both events are close (less than 100 km away), and the surface wave magnitudes are similar (Ms=7.2 for the 1896 event while Ms=7.5 for the 1994 event). For the 1994 event, the maximum seismic intensity was 6 on the Japan Meteorological Agency (JMA) scale, which corresponds to IX on the Modified Mercalli (MM) scale, and many houses along the Sanriku coast were damaged by the shaking. The observed tsunami heights were less than 1 m and Copyright 1996 by the American Geophysical Union. [Aida, 1977] for the three models, so that the rake angles are different. Because the relative plate motion on the Japan trench is about N64ø-68øW, we also computed tsunami waveforms from the slip direction of N65øW, but the waveforms at the three tide gauge stations and at Miyako were almost identical to those from N80øW.
Comparison of the observed and synthetic tsunami waveforms (Fig. 3) indicates that Model B is the closest to the observed waveforms. In Fig. 3 , the first arrivals for all the stations are adjusted to match. The amplitudes of synthetics are normalized to the amplitude of the first crest at Ayukawa for each model. Model A (Aida's fault parameters) produces a much larger amplitude than that observed at Hanasaki. The computed tsunami at Choshi from Model C is also larger than the observed. These amplitude differences are due to the directivity effect; the tsunami waves emitted in the direction perpendicular to the fault strike become large. The best model is clearly Model B, which has a strike parallel to the Japan trench.
Fault Width
We next computed tsunami waveforms from different fault widths, 30 km, 50 km and 100 km, and compared them with the observations (Fig. 4) We conclude that the strike of the 1896 Sanriku earthquake is parallel to the trench and the large displacement must have occurred in a shallow depth near the trench axis (Fig. 6) . Suyehiro and Nishizawa [1994] , from their ocean bottom refraction study, indicate that the accretionary wedge near the Japan trench off the Sanriku coast is very small. In this region, the sediments are being subducted and the plate interface is filled with water-bearing sediments as imaged by multichannel seismic data [yon Huene and Culotta, 1989 
